ABSTRACT
INTRODUCTION
COPD is a leading cause of morbidity and mortality throughout the world and creates an enormous social and economic burden to the human beings. 1 In the past, the assessment and treatment of COPD was solely based on spirometry; however, with a better understanding of the heterogeneity and individualized therapy among patients with COPD, the Global Initiative for Chronic Obstructive Lung Disease (GOLD) recommended a novel multidimensional assessment which included the level of health status and exacerbation history in addition to lung function. 2 In the assessment of symptoms, the GOLD suggests two comprehensive measures: the COPD Assessment Test (CAT) and the Clinical COPD Questionnaire (CCQ). 1, 3 The CCQ has been developed in 2003 and assesses three domains: symptoms, mental and functional dysfunction. 4 The overall CCQ consists of 10 items that are scored from 0 to 6. Higher scores indicate a poorer quality of life. There is evidence that it only takes 2 min to complete the CCQ and some COPD patients prefer the CCQ to other health status questionnaires. 5 However, in contrast to the CAT, there are no studies focused on a systemic analysis of the CCQ's psychometric properties. Thus, the objective of this paper was to systemically evaluate the reliability, validity, responsiveness and minimum clinically important difference (MCID) of the CCQ among subjects with COPD and promote the use of the CCQ as a health status measurement in more countries and regions.
METHODS

Search strategy
A systematic literature review was performed to identify articles that assessed the psychometric properties of the CCQ among participants with COPD. A structured search was performed on 5 January 2016 in PubMed, Web of Science and Embase. Search strategy is shown in Table S1 (Supplementary Information).
Eligibility criteria for study selection
Studies that focused on any one of the psychometric properties (floor and ceiling effect, internal consistency, reliability, validity, responsiveness and MCID) of the CCQ were included. Patients must be subjects elder than 40 years diagnosed with COPD. 4 Articles were excluded if they were published before 28 April 2003 (date of first publication of the CCQ) and after 31 December 2015, were not published in English or did not show data on the psychometric properties of the CCQ in individuals with COPD.
Psychometric properties
Psychometric properties of the CCQ included floor and ceiling effect, reliability (internal consistency and testretest reliability), validity, responsiveness and MCID 6 : Floor and ceiling effects are limitations that occur when an individual scores at the extremes of an instrument; Internal consistency is expressed by Cronbach's α and defined as the degree of the interrelatedness among the items; Test-retest reliability assesses the ability of an instrument to produce consistent results when it is used multiple times under nearly equivalent conditions; Validity refers to the degree to which an instrument measures the construct it purports to measure; Responsiveness refers to the ability of an instrument to detect change over time in the construct to be measured and MCID estimates identify the smallest difference in the score on an instrument that patients perceive as important.
Study selection, data collection and quality assessment
Two independent authors (Z.Z. and A.Z.) reviewed the title and abstract against the inclusion criteria. Disagreement between reviewers was resolved through the third reviewer. Two investigators (Z.Z. and Y.Z.) then extracted data from each included study, including: study characteristics (author, year of publication, country, study design and sample size), population characteristics (age, gender and forced expiratory volume in 1 s (FEV 1 )% predicted ) and results of the psychometric tests.
The quality of studies was evaluated by the Consensus-Based Standards for the Selection of Health Measurement Instruments (COSMIN) checklist by two reviewers (Z.Z. and A.Z.). Disagreement between the investigators was resolved through discussion and consensus. The COSMIN checklist evaluates the methodological quality of studies on three measurement properties: validity, reliability and responsiveness. 6 The lowest rating of any item in a measurement property ('worse score counts') is the final score of the whole methodological quality of a study.
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RESULTS
Study characteristics and quality assessment
Finally, there were 43 studies included in this work 4, ( Fig. 1, Table 1 ), of which 7 studies reported the floor and ceiling effect of the CCQ, internal consistency and test-retest reliability were evaluated by 12 articles, 33 studies assessed validity, 15 studies examined responsiveness and 3 studies calculated MCID. According to the COSMIN checklist, no standards for assessing minimally important change (MIC) or minimal important difference (MID) were defined; therefore, we did not evaluate the quality assessment of Kocks et al.s study, 9 which only assessed MCID of the CCQ without any other psychometric properties. Among the other 42 studies, 18 of them were rated fair with 14 rated poor and 10 rated good. In the articles with poor methodological quality, 11 studies had poor quality of internal consistency assessed without factor analysis performed and 3 studies had small sample size of less than 30 patients (Table S2 , Supplementary Information).
Floor and ceiling effect
The percentage of the population who completed all items of the CCQ was reported only in two studies, but neither of them offered the specific information that which item was missing or the exact number of missing items. 13, 31 Kocks et al. 31 found that among the 210 patients who suffered from acute exacerbation of COPD, 14 patients were too dyspnoeic to answer the questionnaire on the first day of hospital admission while all participants from outpatient department completed the CCQ without any missing items. In a smoking cessation trial, 92% of subjects finished all items of the CCQ and 96% completed at least 50% of the items on the CCQ. 13 The completion rate was a little lower than that of CAT score. 50 Seven studies measured the proportion of patients with the floor and ceiling effect 4, 8, 11, 13, 33, 43, 49 ( Table S3 , Supplementary Information). In general, the overall score of the CCQ with its symptom domain were approximately normally distributed while distributions in the functional and mental domains were skewed.
Reliability
Twelve studies 4, 8, 11, 13, 18, 23, 25, 33, 37, 39, 43, 49 identified the good internal consistency for CCQ with the Cronbach's α of total score ranging from 0.84 to 0.94, symptom domain from 0.65 to 0.78, functional domain from 0.77 to 0.90 and mental domain ranging from 0.59 to 0.83 (Table S4 , Supplementary Information). Data on the test-retest reliability were reported by seven studies. 4, 8, 11, 18, 23, 37, 43 The interclass correlation coefficient (ICC) was good for both the total CCQ score and its three domain levels, suggesting its stability over time (Table S5 , Supplementary Information). However, Berkhof et al. 43 reported a lower ICC of symptom domain than that of other studies, the reason might be that all the subjects were patients with both COPD and heart failure who were more homogeneous than expected. Kocks et al. 15 used Lin's concordance correlation coefficient (CCC) to assess the agreement between the patients' CCQ scores and those of the treating clinicians and the high value of CCC (=0.87, data not shown in Table S5 (Supplementary Information)) confirmed the good reproducibility of the CCQ in individual level.
Validity
Generally, the three components of the CCQ were significantly correlated with each other, while each component had a strong correlation with the total CCQ score 18, 23, 39 ( Table 2 ). Total scores of CCQ and St George's Respiratory Questionnaire (SGRQ) were strongly correlated (rho = 0.71-0.88, P < 0.01). 4, 11, 21, 23, 24 Besides, there was a significant correlation between the symptom domain of the CCQ and symptom component of the SGRQ range from 0.584 to 0.80 (P < 0.01). The functional state of the CCQ also had a strong correlation with the activity component of the SGRQ (rho = 0.69-0.84, P < 0.01). Other domain correlations were good except for the correlation between the symptom domain of the CCQ and the activity component of the SGRQ that was not significant with the The CCQ: A systematic review Strong correlation was obtained between the overall CCQ score and CAT, but the mental domain was less closely related to CAT compared with the other two domains. 21, 23, 34, 36, 46 There were moderate to strong correlations between Medical Research Council (MRC) dyspnoea scale and CCQ total score. 8, 12, 16, 23, 25, 33 Besides, both MRC and modified MRC (mMRC) dyspnoea scale correlated best with functional domain of the CCQ, while one study found that mMRC had no significant correlation with the symptom and mental domain of the CCQ. 41 Moreover, moderate to strong correlations were also found between the total CCQ score and the Chronic Respiratory Questionnaire Self-Reported (CRQ-SR), Visual Analogue Scale of the EuroQOL-5D Questionnaire (EQ-VAS), Short-Form 36 (SF-36), Baseline Dyspnoea Index (BDI) as well as Hospital Anxiety and Depression Scale (HADS). 4, 8, 13, 33, 37, 39, 43 Among the three domains of the CCQ, both anxiety and depression scales had the best correlation with mental state.
Four papers studied CCQ longitudinal validity and the events contained pulmonary rehabilitation (PR) and recovery from an acute exacerbation 11, 34, 35, 41 (- (Table S6 , Supplementary Information). Change in CCQ with PR or recovery correlated significantly with change in SGRQ, CAT and CRQ. However, van Dam van Isselt et al. 41 found no significant correlation between ΔCCQ and ΔmMRC with post-acute PR.
Research results of the correlation between the CCQ and spirometric parameters varied widely (Table 3) . Six articles observed no correlation between the total CCQ score and FEV 1 % predicted, 11, 13, 16, 33, 41, 43 while others showed a weak to moderate correlation. The functional domain correlated best with 6-min walk test (6MWT), but researchers found no significant or weak to moderate correlations between the other two domains and 6MWT. 23, 41 Statistically significant correlations were also observed between the overall CCQ/CCQ functional domain/CCQ symptom domain and the COPD severity by the GOLD grades and BODE (BMI, airflow obstruction, dyspnoea and exercise capacity) index. 22, 23, 44 Moreover, Struik et al. 33 and Jones et al. 12 reported weak correlations between the CCQ total score and the number of exacerbations in the last year but did not show any significant correlations with either pack-years or number of admissions in the last year. However, Joseph et al. 25 demonstrated a weak correlation between the CCQ and cumulative dosing of cigarettes among patients with COPD and chronic bronchitis.
Opposite results of correlation between the CCQ and the COPD severity assessed by HRCT and ventilation/ perfusion single photon emission computed tomography (V/P SPECT) were shown in two studies. 16, 44 No correlations were found between the CCQ and the emphysema extent by HRCT or obstructive grade by V/P SPECT in Jögi et al.'s study, 16 while Bajc et al. 44 demonstrated that CCQ had significant correlations with both emphysema extent and obstructive grade. Twenty-three studies assessed known group validity 4, 8, 13, 19, 22, 23, [25] [26] [27] [28] 30, 32, 35, [37] [38] [39] 42, [44] [45] [46] [47] [48] [49] (Table 4 ) and the CCQ showed statistical differences (P < 0.05) in categories below: healthy subjects versus patients with COPD 4, 8, 13, 25 ; COPD GOLD grades 4, 8, 13, 22, 23, 25, 27, 35, 39, 44 and groups 38, 49 ; smokers versus non-smokers 25 ; primary care versus secondary care 19, 32, 46 ; BMI 8, 19 ; BODE Index 22 ; MRC score 25 ; alive versus death 26, 45 ; patients who took inhalation therapy patients versus patients who did not 25 ; patients with composite event (emergency department visits or hospitalizations) versus patients without composite event 27, 30, 47 ; patients with early hospital discharge (hospitalization duration ≤ 7 days) versus patients with late hospital discharge (hospitalization duration > 7 days) 37 and co-morbidities (patients diagnosed with COPD alone had better CCQ score than those with heart failure, depression, urinary incontinence and clinically significant fatigue respectively). 19, 28, 42, 48 The researchers found no statistically significant differences in categories below: sex; patients with diabetes versus patients without diabetes.
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Responsiveness
The responsiveness of the CCQ was confirmed by 15 articles (Table 5) . 4, 8, 10, 13, 14, 17, 18, 20, 29, 31, 34, 35, 37, 40, 41 It has been show that CCQ is responsive to exacerbations, PR and smoking cessation. All patients' CCQ total score increased (deteriorated) significantly with onset of an exacerbation and decreased (improved) with exacerbation recovery or stable phase on treatment. Besides, this improvement of health status exceeded the MCID. 37 Significant improvement in both the overall score and three domains of the CCQ could be measured during the PR programme, even if it lasted only 1 week. 41 The CCQ also detected a significantly meaningful and statistical improvement in health status of participants with COPD who succeeded to quit smoking for 8, 26 or 52 weeks.
4,13,18
Minimum clinically important difference MCID was first described as 'the smallest difference in a score in the domain of interest which patients perceive as beneficial and which would mandate in the absence of troublesome side effects and excessive costs a change in the patient's management', 51 which offers a threshold above which outcome is experienced as relevant by the patient avoiding the problem of mere statistical significance. Kocks et al. 9 used three different methods: patient referencing, criterion referencing and the standard error of measurement to calculate the MCID of CCQ and it was set at 0.4 points which has also been confirmed by the other two studies.
23,35
DISCUSSION
The overall impact of COPD on individuals is multifaceted and it causes impairment not only in lungs but also in other organs, and even in psychological conditions that result in multiple symptomatic effects and poorer quality of life. Therefore, the GOLD has recommended a comprehensive symptom assessment by CCQ. Although several studies have focused on the validation of CCQ, this is the first review to systemically assess the CCQ's psychometric properties among the patients with COPD. The CCQ: A systematic review Generally, our findings indicate that the CCQ has favourable psychometric properties. The Cronbach's α of total score ranged from 0.84 to 0.94, suggesting a good internal consistency. Test-retest reliability determined by ICC is also high for both the total score of CCQ and its three domains, confirming its clinical stability over repeated measurements. Additionally, the CCQ demonstrated good convergent validity: the total CCQ score with its three domains correlated well with other comprehensive health status questionnaires such as SGRQ, CRQ and CAT both in cross-sectional and longitudinal studies. But, there were controversies on the correlations with FEV 1 , 6MWT, emphysema extent and obstructive grade. Some researchers 4, 8, 12, 23, 39, 42, 44 found that CCQ had statistically significant correlations with FEV 1 , 6MWT, emphysema extent and obstructive grade, while others 11, 13, 16, 33, 41, 43 showed no correlations at all. An explanation for these conflicting results can be the differences in the study population. It seems that the health status of patients with advanced and more severe COPD is relatively less influenced by the degree of airflow limitation 41 and COPD itself is a heterogeneous disorder with different clinical phenotypes: individual's subjective clinical symptoms do not always reflect the real degree of airway limitation and obstruction. 44, 52 The good group validity is proved by different studies and it is obvious that the CCQ is sensitive to exacerbations, PR and smoking cessation: CCQ total score deteriorated with onset of an exacerbation and improved after PR and smoking cessation.
Only two studies reported missing data on the CCQ and the completion rate was a little lower than of CAT score. However, Ringbaek et al. 21 found that the percentage of patients who need help while answering the CCQ was 36.0% which was much lower than the CAT and the SGRQ. Education level may be one of the factors that influence the completion rate. Another research suggested that over 60% of patients preferred the CCQ to the CAT and expressed the opinion that the CCQ was easier to understand and had a better capability to reflect their health status than the CAT. 23 Perhaps, more studies should be focused on the missing data and completion rate of the CCQ in the future.
Another important feature of the CCQ is that it can be used as a prognostic instrument for clinical outcomes (e.g. mortality, exacerbation and treatment failure) in COPD. 14, 26, 30, 31, 45 Weekly CCQ assessment can even detect unreported exacerbations.
14 But, the cut-off point of the CCQ has always been controversial. The GOLD 2013 recommended a CCQ ≥ 1 for patients with more symptoms. Casanova et al. 53 found that category assignment was similar using the CAT and CCQ with the cut-off points at 10 and 1, respectively. While Kon et al. 36 showed that for the CAT cut-off point of 10, the equivalent mean cut-off point for the CCQ was 1.5. As a consequence, the GOLD 2014 suggested that the cutoff point for the CCQ should be in the range 1.0-1.5. Limitations to our research include the following: A meta-analysis was not included in the present review because of the diverse study populations and the variety of outcomes studied. Another limitation is the language restriction that articles not published in English were excluded in this review which may induce language bias. However, we also screened articles published in other languages except for English in databases, one study concluded that the CCQ might be responsive to shadow boxing training which had a positive effect on the quality of life of Chinese patients with COPD, 54 as shadow boxing training was not defined as part of the PR programme, we did not include this study. Anyway, we found no other abstracts eligible for this review. In summary, this study provides a comprehensive and systematic assessment of the CCQ's psychometric properties among subjects with COPD. Strong evidences confirmed the good reliability, validity and responsiveness of the CCQ with the MCID of 0.4. Because the CCQ is easily understood and can be completed in a short time, it is a very useful and practical tool that can be used in clinical populations. More researches are needed to focus on the missing data, and the development and validation of the CCQ in different languages. Furthermore, the symptomatic assessment and predictive value of exacerbations and mortality in the new GOLD classification should be studied in more patients with COPD from different countries.
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